ABSTRACT. Livestock transportation effects on the number of circulating leukocytes have been reported. However, data related specifically to the relation between acute stress levels during transport and leukocyte differentiation, including lymphocyte subsets, are lacking. This study was undertaken to evaluate the distribution of peripheral blood leukocyte differential counts, CD25
Livestock transportation is an acute physical stressor provoking an associated psychological response that is harmful whether viewed from either an animal welfare or economic perspective [38] . This stressor stimulates remarkable activation of the hypothalamic-pituitary-adrenal (HPA) axis, dramatically increasing the levels of glucocorticoids [9, 15, 40] . It has also been found that most physical stressors induce activation of the sympathetic nervous system and catecholamines that influence the immune system [14, 32] . Consequently, these hormones are regarded as useful biomarkers in veterinary animals. Their stress-associated increases are generally viewed as responsible for immune depression. Furthermore, the elevation of glucocorticoids during the stress response engenders a complex of severe infectious respiratory diseases in cattle, presumably because of the altered immune function following transport [7, 26] .
The finding that lymphocytes contain measurable concentrations of glucocorticoid and adrenergic receptors [1, 29] that are down-regulated in response to stress [28] suggests that alteration of the lymphoid compartment might play a major role in the immune system's response to stress. A recent study [30] demonstrated the effects of transportation stress on the proportion of circulating leukocytes expressing selected differentiated antigens in blood and notably found that circulating NK cells expanded in calves transported 950 km in a truck. Meanwhile, it is well known that dexamethasone treatment and periparturient-induced stress dramatically alter IL-2R (CD25) expression in bovine peripheral blood mononuclear cells (PBMC) [2, 22, 23] . However, few reports specifically describe the interplay between acute stress levels during transport and leukocyte differentiation, including these lymphocyte subsets. Data related to this subject are scarce.
The objective of this study was to evaluate the distribution of the lymphocyte subsets CD25 + (indicating the degree of T cell activation) and NK cells in the peripheral blood while comparing different blood leukocyte populations obtained from calves subjected to different stress levels during transport by truck for a short time over mountainous and flat roads.
MATERIALS AND METHODS

Animals and housing:
Six clinically healthy Japanese Black steer calves (average initial body weight=168.7  10.5 kg) were used for this experiment. All animals were kept separately in a house with a stanchion 2 weeks prior to the experiment to facilitate their adaptation to the new environment. They were fed twice daily (09:00 and 16:00) with timothy grass hay ad libitum and 1.0 kg concentrate diet (TDN >70%, CP >10%, on DM basis) each time, with ad libitum access to fresh water and a mineral salt block during the in-house period, except on the morning of their transportation. The animals were randomly divided into three groups of two animals each. The three animal groups were allocated to the three treatments in a 3  3 Latin square design. The three treatment conditions were as follows: the animals were 1) transported and moved around a mountainous area along a winding and hilly route (Group M); 2) transported and moved around a flatland along a route with good-quality and less busy roads (Group F); or 3) neither loaded nor transported. The latter served as control subjects (Group C). This study was conducted at the Nasu Research Station (NRS), National Institute of Livestock and Grassland Science, Japan. The animals were cared for using acceptable practices approved by the National Institute of Livestock and Grassland Science Animal Care and Use Committee.
Transportation and blood sampling: The animals in Groups M and F were loaded onto two open-sided livestock trucks each (>1.9  4.2 m), with no contact between them. The animals in Group M were shipped from the NRS (330 m above sea level) to and from the midpoint on a mountainside for a total roundtrip time of approximately 2 hr (24 km point; 1,270 m). The animals in Group F started from the NRS at the same time and were sent to and from a halfway point on non-mountainous, mostly level roads for the same amount of time (28 km point; 215 m). Blood samples were obtained as soon as each transporter arrived at the midpoint in almost the same amount of elapsed time. After blood sampling, the animals were returned to the NRS. The control animals stayed at the NRS, where all were originally housed. Jugular blood, obtained by venipuncture, was collected from the transported animals either immediately before transport or at 1 hr (except from Group C) or 2 hr after transport and at 4, 6 and 24 hr, respectively, following 2, 4 and 22 hr of recovery.
Total leukocyte and differential leukocyte counts: White blood cell counts for heparinized peripheral blood samples were determined using a blood cell counter (F-820; Sysmex Corp., Kobe, Japan). Thin blood smears for differential leukocyte population counts were air-dried and stained with Giemsa's solution. Altogether, 300 cells, including neutrophils, basophils, eosinophils, monocytes and lymphocytes, were counted under a microscope at  400 magnification; neutrophil to lymphocyte (N/L) ratio was also assessed.
Flow cytometry analysis: The primary mAbs used for this study were commercialized mouse mAbs (VMRD Inc., Pullman, WA, U.S.A., and AbD Serotec, Kidlington, U.K.) and were directed against the bovine homologs of interleukin-2 receptor alpha (CACT116A, CD25) [27] and NKp46 (AKS1, CD335) [35] . Then, 50 l of each whole blood sample was incubated for 30 min with the same volume of primary antibody diluted adequately by PBS containing 1% FCS (F-PBS) for the bovine leukocyte surface antigens described above. Following cell washing with F-PBS, cell surface markers were visualized with 50 l of a fluorescein Alexa 488-conjugated goat F(ab') 2 to anti-mouse immunoglobulin G (1:400; A11017; Invitrogen Ltd., Paisley, U.K.) for 30 min in dark and chilled conditions. Following another wash, the cells were lysed and fixed using a commercial fixative (Immunoprep; Beckman Coulter Inc., Fullerton, CA, U.S.A.). They were analyzed using a flow cytometer (EPICS XL; Beckman Coulter Inc.); a live gate was set around the lymphocyte population obtained using the forward scatter/side scatter profile. A minimum of 1.0  10 4 events from the gated lymphocyte population were recorded. The results were presented as the percentage of cells positively stained and as the final calculated quantities of the respective populations.
Cortisol assay: Plasma cortisol levels were determined using a commercially available competitive binding assay kit (Cortisol Parameter Assay; R&D Systems Inc., Minneapolis, MN, U.S.A.). Plasma samples were assayed at a 1:10 dilution; the minimum detection limit was 1.56 ng/ml.
Statistical analyses: Analysis of variance for this study was performed using the MIXED procedure of SAS (Version 9.1.3; SAS Institute Japan Ltd., Tokyo, Japan) as a repeated measures analysis, with sampling time as the repeated value and animals as the subject. The model statement contained the fixed effects of treatment and time and the interaction of treatment  time. Multiple comparisons for each effect were performed using the PDIFF option in the LSMEAN statement. Results were considered significant at P<0.05. Pearson's correlation coefficients for cortisol levels and the circulating NK cell count were calculated during the transportation period using PROC CORR of the SAS software.
RESULTS
This experiment was conducted on three different days at two-week intervals during June-July 2006. The weather on these three days was rainy, but not windy. The ambient temperatures during loading on the three days were, respectively, 20.6, 23.7 and 21.5C, with temperatures during unloading of 21.0, 24.5 and 21.6C. Using routine clinical observations, the health conditions of the calves during the experimental period were monitored. The animals developed no clinical abnormalities such as depression or loss of appetite.
The plasma cortisol level in Group M increased immediately during transport and was significantly higher (50.8  6.7 ng/ml) at the end of transport compared with the control calves (14.7  6.7 ng/ml, P<0.05; Fig. 1 ). The level in Group F gradually increased during transport and was 32.1  6.7 ng/ml at the end of transport (P=0.078 vs. controls). That in the control calves was unchanged. The increased cortisol levels during transport rapidly returned to normal after the transportation event.
Alterations in the leukocyte, lymphocyte, monocyte, neutrophil and eosinophil distributions and the N/L ratio are presented in Fig. 2 . No significant change was found in lymphocytes and monocytes throughout the observation period. The numbers of total leukocytes and neutrophils and the N/L ratio for both transported groups were higher after transport. The total leukocyte counts in Group M were significantly higher (139.5  13. A positive correlation was noted between the circulating NK cell counts and plasma cortisol levels during the transportation period, including the value before transport (Group M, r=0.755, P<0.0005; Group F, r=0.653, P<0.005; Fig. 4 ).
DISCUSSION
A change in the composition of peripheral blood cells reflects a physiological or pathophysiological response in animals. The transient increase in all leukocyte numbers associated with neutrophilia following transportation observed in this study demonstrates good agreement with prior studies using Bos taurus calf models [7, 25] . Stressful conditions are well known to stimulate the secretion of catecholamines and glucocorticoids, respectively, from the adrenal medulla and adrenal cortex [42] . The elevation of glucocorticoids results in lymphocyte destruction in the thymus cortex and extension of the neutrophil half-life [10, 41] , resulting in an increased the N/L ratio. Evidence from the literature suggests that the N/L ratio increases in cattle after transport [17, 33] . Consequently, this increase might be useful as an indicator of transportation stress, as is cortisol [21, 36] . In the current study, the plasma cortisol levels in Group M during transport were up-regulated compared with those in Group F, suggesting that the animals transported around the mountainous area were more stressed by their transit. Furthermore, we considered that the drastic increase of plasma cortisol in Group M during the first half of the trip might be a reaction to a novel stimulus; however, the milder rise during the return trip was likely caused by adaptation to the environment. Grandin and Gallo [13] reported that minor losses of balance occur regularly during transport and that cattle quickly respond by shifting their footing to regain their balance. Eighty percents of losses of balance were accounted for by braking, gear changes and cornering. Concerning our study, Group F seemed to experience less frequent occurrence of imbalance than Group M because of the good road conditions with less bumpy, winding road and fewer traffic jams. The N/L ratio in Group M increased significantly after transport compared with that in Group F, suggesting that this ratio reflects greater stress levels on transit animals in a resting period subjected to a winding drive, even during a short-term trip. Circulating monocytes remained unaltered in this study. However, these results are not in agreement with results obtained by other investigators [18, 31] , who reported monocytopenia with lymphopenia, which constitute typical features seen in leukograms following glucocorticoid administration or after their release because of stress. However, these features might not represent a frequent physiological response in cattle during shortterm road transportation. In the present study, circulating eosinophils started decreasing during transport, reaching the minimum level at 4 hr after the end of the journey; they returned to the baseline level a day later. Eosinopenia is known to be induced by physical and emotional stress, which is thought to be attributed to elevated levels of plasma epinephrine and cortisol [4] . Continuous release of corticosteroids or prolonged steroid therapy decreases eosinophil production.
In fact, IL-2R is unique among all growth factor receptors because it comprises three distinct membrane components: the  chain (IL-2R),  chain (IL-2R) and  chain (IL-2R) [37] . Actually, IL-2R (CD25) is present at low levels on resting T cells (with the exception of T regulatory cells), but is significantly up-regulated on activated T cells [39] . Dexamethazone treatment and 800 km transport stressinduced immunosuppression in calves involves decreased CD25 + expression in mitogen-stimulated PBMC culture [20] , whereas in fresh PBMC preparations, that treatment increases the proportions of CD25 + cells [2, 23] . Inconsistent findings were observed in this study as the CD25 + circulating lymphocytes were not significantly altered after transport, suggesting that the present trial term and distance might be shorter than those of the report of Lan et al. [20] . In addition, discrepancies between our findings and other studies may be explained by the possibility that the maximum effect of CD25 + expression of lymphocytes in dexamethazone-treated calves seems to be delayed-acting as compared with the case of transport-induced stress models.
The NK cells were initially defined as heterogeneous populations of large granular lymphocytes that can kill target cells spontaneously, suggesting enhancement of innate immunity. During the last decade, characterization of bovine NKp46, an activating receptor molecule, enabled more precise identification of bovine NK cells [35] . Interac- tions between the immune system and HPA axis have been acknowledged for more than three decades. Cortisol, the most important endogenous glucocorticoid, is a potent inhibitor of the NK cell and its activity, as has been demonstrated for numerous in vitro models [5, 12] . However, conflicting results in human studies of the effect of cortisol exist in relation to in vivo and in vitro NK activity, showing increases, decreases, bimodal changes or no change. In the early phase of stress, psychological and physiological experimental acute stimuli induce a preponderant increase in circulating NK cells [3, 8, 16, 19, 34] . Moreover, the expansion of circulating bovine NK cells suggests transportstress-induced stimulation of the immune system [30] . Herein, we reported that the number of circulating NK cells during the early phase of transportation was notably elevated in Group M compared with that in the controls, thereby revealing Group M to be the most stressful condition, as defined by the plasma cortisol levels. Slight elevation was observed in Group F, a milder stress condition.
Our results agreed with those of the above-described acute stimuli research. They suggest that circulating NK cells in the peripheral blood might be influenced by and might also more rapidly reflect the stress level during road transport than other immunological measures including the leukocyte count, neutrophil count or the N/L ratio, all of which showed significant changes in this study. However, interpretation of the mechanism of the early stimulation of NK cells found in this study is difficult. During the acute stress response, adrenaline or noradrenalin is secreted from sympathetic glands and activates NK cells located on the vascular endothelium via -adrenergic receptors on their surfaces, resulting in an increase in the number of NK cells in peripheral blood [6, 11, 24] . Elevated blood pressure and increased blood flow elicited by sympathetic activity might increase the number of NK cells in the peripheral blood physically [6] . Although we did not measure catecholamines, further empirical research to examine them is warranted. It remains unclear whether the reported results are limited to short-time transportation or if they can be generalized for other transportation systems. Further study using another cattle transport model (e.g., long duration, age variation, species and space allowance) is necessary for determining the relation between the number of NK cells and their activity in accordance with both sympathetic hormones and cortisol.
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